Induction of premature senescence in cardiomyocytes by doxorubicin as a novel mechanism of myocardial damage.
Cellular senescence is an important phenomenon in decreased cellular function. Recently, it was shown that cellular senescence is induced in proliferating cells within a short period of time by oxidative stresses. This phenomenon is known as premature senescence. However, it is still unknown whether premature senescence can be also induced in cardiomyocytes. The aim of the present study was to investigate whether a senescence-like phenotype can be induced in cardiomyocytes by oxidative stress. In cardiomyocytes obtained from aged rats (24 months of age), the staining for senescence-associated beta-galactosidase increased significantly and the protein or RNA levels of cyclin-dependent kinase inhibitors increased compared to those of young rats. Decreased cardiac troponin I phosphorylation and telomerase activity were also observed in aged cardiomyocytes. Treatment of cultured neonatal rat cardiomyocytes with a low concentration of doxorubicin (DOX) (10(-7) mol L(-1)) did not induce apoptosis but did induce oxidative stress, which was confirmed by 2',7'-dichlorofluorescin diacetate staining. In DOX-treated neonatal cardiomyocytes, increased positive staining for senescence-associated beta-galactosidase, cdk-I expression, decreased cardiac troponin I phosphorylation, and decreased telomerase activity were observed, as aged cardiomyocytes. Alterations in mRNA expression typically seen in aged cells were observed in DOX-treated neonatal cardiomyocytes. We also found that promyelocytic leukemia protein and acetylated p53, key proteins involved in stress-induced premature senescence in proliferating cells, were associated with cellular alterations of senescence in DOX-treated cardiomyocytes. In conclusion, cardiomyocytes treated with DOX showed characteristic changes similar to cardiomyocytes of aged rats. promyelocytic leukemia-related p53 acetylation may be an underlying mechanism of senescence-like alterations in cardiomyocytes. These findings indicate a novel mechanism of myocardial dysfunction induced by oxidative stress.